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Background— Urinary 8-iso-PGF2a, a marker of oxidative stress, is influenced by the activation of NOX2. It is unclear if platelets 
8-iso-PGF2a contribute to urinary 8-iso-PGF2a. 

Methods and Results — In a cross-sectional study, platelet, urinary, and serum 8-iso-PGF2a were determined in subjects with 
downregulation (X-linked chronic granulomatous disease [X-CGD], n=25) and upregulation (type II diabetic patients [T2D], n=1 2 1) 
of NOX2 and 1 53 controls matched for sex and age. In diabetic patients (n=18), the above variables were repeated before and after 
7 days treatment with 100 mg/day aspirin or 100 mg/day aspirin plus 40 mg/day atorvastatin. In vitro study was performed to 
see the contribution of blood cells to serum 8-iso-PGF2a. Compared with controls, X-CGD patients had lower platelet, serum, and 
urinary 8-iso-PGF2a values; conversely, diabetic patients had higher values of 8-iso-PGF2a compared with controls. Urinary 8-iso- 
PGF2a significantly correlated with both platelet and serum 8-iso-PGF2a in the 2 cohorts. A parallel increase of platelet, serum, and 
urinary 8-iso-PGF2a by aspirin and a parallel decrease by aspirin plus atorvastatin were detected in the interventional study. In vitro 
study demonstrated that platelets contribute to 37% of serum 8-iso-PGF2a and that only 13% of it is of extravascular origin. 

Conclusions — The study suggests that NOX2 contributes to the formation of 8-iso-PGF2a in both platelets and urine. The direct 
correlation between platelet and urinary 8-iso-PGF2a suggests that, at least partly, urinary 8-iso-PGF2a reflects platelet 8-iso- 
PGF2a production. Analysis of serum 8-iso-PGF2a may represent a novel tool to investigate the production of 8-iso-PGF2a by blood 
cells including platelets. 

Clinical Trial Registration— URL: ClinicalTrials.gov. Unique Identifier: NCT01250340. (J Am Heart Assoc. 2013;2:e000198 doi: 
10.1 161/JAHA.1 13.000198) 
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8T so-PGF2a is a family of eicosanoids deriving from 
— A. arachidonic acid (AA) oxidation by reactive oxidant 
species (ROS). 1 Differently from thromboxane A2, which is 
chemically unstable aggregating molecules derived from 
COX1 oxidation of AA, 2 8-iso-PGF2a are chemically stable 
compounds with several biologic functions including propa- 
gation of platelet activation. 3 Measurement of 8-iso-PGF2a is 
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usually addressed to analyze oxidative stress; in fact, urinary 
excretion of 8-iso-PGF2a has become an established and 
reliable assay of oxidative stress to be used for clinical 
purposes in different settings at risk of vascular disease. 4 
However, the cellular contribution to the urinary excretion of 
8-iso-PGF2a has not been clarified so far. Among the cellular 
sources of 8-iso-PGF2a, platelets play a pivotal role; 5 
therefore, urinary excretion of 8-iso-PGF2a could potentially 
reflect the in vivo release of 8-iso-PGF2a on platelet 
activation. Previous studies have found a direct correlation 
between urinary 8-iso-PGF2a and urinary thromboxane B2 in 
settings at risk of vascular disease such as diabetes mellitus 
and hypercholesterolemia, suggesting that urinary 8-iso- 
PGF2a may reflect platelet activation. 5,6 This issue is poten- 
tially relevant, as urinary excretion of 8-iso-PGF2a could 
represent not only a marker of oxidative stress but also a 
marker of platelet activation potentially usable for clinical 
purposes. Among the enzymatic pathways implicated in ROS 
generation and eventually 8-iso-PGF2a formation, NOX2, the 
catalytic core of NADPH oxidase, plays an important role, as 
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suggested by the significant reduction of urinary and platelet 
8-iso-PGF2a levels in patients with hereditary deficiency of 
NOX2. 7 Conversely, subjects with N0X2 upregulation such as 
diabetic patients have opposite features, as shown by 
production of platelet 8-iso-PGF2a. 8 

Such opposite behavior of urinary 8-iso-PGF2a renders 
these 2 clinical models particularly intriguing to explore the 
relationship between platelet and urinary 8-iso-PGF2a. For 
this purpose we studied patients with hereditary deficiency of 
NOX2 or diabetes mellitus and matched controls in whom we 
measured both urinary excretion of 8-iso-PGF2a and platelet 
production of 8-iso-PGF2a. Furthermore, we performed a 
proof-of-concept study to explore the behavior of platelet and 
urine 8-iso-PGF2a in diabetic patients treated with aspirin 
alone or aspirin plus atorvastatin. 



Methods 
Study Design 

To study the relationship between platelet and urinary 8-iso- 
PGF2a in patients with NOX2 downregulation, we conducted a 
multicenter study in collaboration with the Italian Primary 
Immunodeficiency Network (IPINET). 9 Among the 60 patients 



with CGD registered in the national database, 35 were not 
included in the study because of the presence of acute 
infections or critical physical conditions or NADPH oxidase 
hereditary deficiency unrelated to NOX2 or unwillingness to 
participate in the study. The remaining 25 patients, who were 
NOX2 deficient (X-linked chronic granulomatous disease 
[X-CGD]) and willing to participate in the study, were included. 

Diagnosis of X-CGD was performed as previously 
described. 10 All X-CGD patients were under treatment with 
itraconazole and trimethoprim/sulfamethoxazole. 

To study the relationship between platelet and urinary 8-iso- 
PGF2a in patients with NOX2 upregulation, we included 
consecutive type 2 diabetes mellitus (T2DM) patients attending 
our metabolic outpatient clinic (n=121). T2DM was diagnosed 
according to the American Diabetes Association definition.' 0 

As a control group, we selected nondiabetic outpatients 
(n=128) and healthy subjects (n=25) who were matched for 
age, sex, and history of vascular disease and atherosclerotic 
risk factors (Table). 

The local ethical committee approved the study protocol 
(approval no. Prot. 403/09-Rif. 1621/07.05.09). Each subject 
enrolled gave informed consent to participate in the study. 
Clinical characteristics and analysis of urinary 8-iso-PGF2a and 
serum NOX2 have been previously reported. 6 



Table. Clinical and Anthropometric Characteristics of Diabetic Patients and Controls 





Diabetic Patients (n=121) f 


Controls (n=153) f 


P Value* 


Age, y 


67±11 


68±13 


0.470 


Males (%) 


59 


63 


0.341 


Smoking habit (%) 


20 


13 


0.301 


BMI (kg/m 2 ) 


27.3±6.0 


22.1 ±3.1 


<0.001 


Previous coronary artery disease (%) 


32 


26 


0.170 


Previous stroke (%) 


9 


6 


0.290 


Arterial hypertension (%) 


83 


81 


0.462 


Total cholesterol (mg/dL) 


185.3±41.0 


179.1 ±43.9 


0.258 


HDL cholesterol (mg/dL) 


51 .4±18.0 


49.0±14.4 


0.508 


Triglycerides (mg/dL) 


117 (88.0 to 159.0) 


124 (88.7 to 168.8) 


0.230 


Blood glucose (mg/dL) 


144.0±42.8 


91.5±5.5 


<0.001 


HbA1c (%) 


7.6±1.6 


5.1±0.6 


<0.001 


Statin therapy (%) 


57 


38 


0.001 


ACEIs/ARBs (%) 


69 


64 


0.482 


Antidiabetic drugs (%) 


83 


0 


<0.001 


ASA (100 mg/day) 


60 


64 


0.578 


Serum N0X2-dp (pg/mL) 


26.4±11.1 


16.0±7.3 


<0.001 



BMI indicates body mass index; HDL, high-density lipoprotein; HbA1c, glycated haemoglobin 1Ac; angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; ASA, 

aspirin; NOX, NADPH oxidase. 

*P<0.001. 

f Diabetic vs controls. 
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Exclusion criteria were: (1) liver insufficiency, (2) serious 
renal disorders (serum creatinine >2.8 mg/dL), (3) cancer, 
(4) recent history (<3 months) of acute vascular events, (5) 
treatment with statins or antioxidant vitamins, (6) smokers, 
(7) clinical diagnosis of type 1 diabetes mellitus (diagnosis of 
diabetes and insulin use before age 35), (8) active infection, 
(9) cardiac arrhythmia or congestive heart failure, (10) use 
of nonsteroidal anti-inflammatory drugs, and (11) use of 
antiplatelet drugs such as clopidogrel in the previous 
30 days. 

Diabetic patients received different antidiabetic treatment: 
metformin (n=57), subcutaneous insulin (n=25), sulfonylureas 
(n=14), glinides (n=6), glitazones (n=3), and dipeptidyl 
peptidase-4 inhibitor (n=16). 

Laboratory Analyses 

Analyses were performed blind. All materials were from Sigma 
Aldrich unless otherwise specified. 

8-lso-PGF2a-d4 and isoprostane immunoaffinity columns 
(0.5 mL resin) were purchased from Cayman (Cayman 
Chemical Europe, Tallin, Estonia). The Altima HP C18 column 
(100x2.1 mm, 3 \.i particles) was from Alltech. 

Blood Sampling 

Blood samples were taken after a 12-hour fast. Between 8:00 
and 9:00 am subjects underwent routine biochemical analysis 
including total cholesterol and glucose. Samples, obtained 
from patients after supine rest for at least 10 minutes, were 
taken in tubes with 3.8% sodium citrate and centrifuged at 
300g for 10 minutes to obtain supernatant. Blood samples 
without anticoagulant were kept for 60 minutes at 37°C or at 
room temperature and centrifuged 10 minutes at 300g. 
Plasma and serum samples were immediately stored at 
— 80°C until use with the antioxidant butylated hydroxy- 
toluene at final concentration of 20 ^<mol/L. 

Platelet Preparation 

To obtain platelet-rich plasma (PRP), samples were centri- 
fuged for 15 minutes at 180^. To avoid leukocyte contam- 
ination, only the top 75% of the PRP was collected according 
to Pignatelli et al. 3 Platelet pellets was obtained by double 
centrifugation (5 minutes, 300g) of PRP. Acid/citrate/dex- 
trose (ACD; 1:7 v/v) was added to avoid platelet activation 
during processing; samples were suspended in HEPES buffer 
in the presence of 0.1% albumin, pH 7.354 (2x10 5 
platelets/mL, unless otherwise noted), and stimulated with 
or without 0.5 mM AA in the presence or absence of 
sNOX2dp-tat (10 /(M), an inhibitor of NOX2 activation. Cells 
were separated from the supernatant by centrifugation 



(5 minutes, 300g) and stored until analysis. Values of 
8-iso-PGF2a, expressed as picomoles per liter, were obtained 
by subtracting the concentration of 8-iso-PGF2a obtained 
from acellular PBS incubated for 30 minutes at 37°C with 
0.5 mM AA. 

Human Polymorphonuclear Leukocytes 
Preparation 

Polymorphonuclear leukocytes (1x10 6 cells/mL) were iso- 
lated from freshly taken EDTA blood from healthy volunteers 
(n=5) by dextran-enhanced sedimentation of red blood cells, 
Ficoll-Histopaque density centrifugation, lysis of remaining 
erythrocytes with distilled water, and washing of cells with 
Hank's balanced salt solution (HBSS) in the absence of any 
divalent cations. Finally, the cell pellet was suspended in 1 mL 
of HBSS and stimulated with or without 10 /(M of phorbol 
12-myristate 13-acetate in the presence or absence of 
sNOX2dp-tat (10 /(M), an inhibitor of NOX2 activation. Cells 
were separated from the supernatant by centrifugation 
(5 minutes, 300g) and stored until analysis. 

Lymphocyte/Monocyte Preparation 

Blood samples were collected in heparinized tubes (10 lU/mL). 
Lymphocytes/monocytes (1x10 6 cells/mL) were isolated 
after centrifugation of the blood from healthy volunteers (n=5) 
with a polysucrose-sodium diatrizoate solution, 1.077 g/mL 
density and 280 mOsm osmolarity (Lymphoprep; Nycomed, 
Oslo, Norway), at 800g at 20°C. The lymphocyte/monocyte 
cell layer was collected, and the cells were thus washed 2 
times in a solution of cold phosphate-buffered saline (pH 7.2) 
supplemented with 1% fetal calf serum and 2 mmol/L EDTA 
(Sigma-Aldrich, Milano, Italy). The cell suspension was 
stimulated with or without lipopolysaccharide (100 ng/mL) 
in the presence or absence of sNOX2dp-tat (10 fiM), an 
inhibitor of NOX2 activation. Cells were separated from the 
supernatant by centrifugation (5 minutes, 300^) and stored 
until analysis. 

8-lso-PGF2a Level Assays in Liquid 
Chromatography/Mass Spectrometry 

Urinary samples were collected and immediately stored with 
the antioxidant butylated hydroxytoluene at final concentra- 
tion of 20 /imol/L. 

8-iso-PGF2a was analyzed by isotope dilution liquid 
chromatography/mass spectrometry as reported by Sircar 
et al. 11 Samples were added with tetra-deuterated iPF2a-lll 
and purified on immunoaffinity column according to the 
manufacturer's instructions. Before immunoaffinity, purifica- 
tion serum samples were subjected to alkaline hydrolysis for 
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40 minutes at 60°C, and at the end of incubation, pH was 
adjusted to 7.4. Column eluate was evaporated under a 
stream of N 2 and redissolved in a 100-/(L mobile phase 
consisting of 20% acetonitrile and 0.1% acetic acid I water. 
Twenty microliters of sample was chromatographed on an 
Altima HP C18 column (100x2.1 mm, 3fi particles; Alltech) 
by an Agilent quaternary pump system using a linear gradient 
of mobile phase A to mobile phase B (45% acetonitrile, 0.1% 
acetic acid) for 25 minutes at a flow rate of 200 /iL/min. 
Mass spectrometry was performed on an HCT plus ion-trap 
instrument (Bruker Daltonics, Bremen, Germany) operating 
with an electron spray ion source. Single-ion monitoring 
acquisition included 353.2 and 357.2 m/z ions for 8-iso- 
PGF2a and 8-iso-PGF2a-d4, respectively. Concentration was 
calculated using an isotope ratio standard curve. 

Urinary 8-iso-PGF2a concentration was corrected for 
recovery and creatinine excretion, and values are expressed 
as picograms per milligram of creatinine. Serum values are 
expressed as picograms per milliliter and platelets values are 
expressed as pg/mLx 10 8 . 

Interventional Study 

Diabetic patients (n=18) were treated for 7 days with 
100 mg/day aspirin and atorvastatin 10 mg/day plus aspirin 
for an additional 7 days. There was an interval of 10 days 
between the 2 phases of the study. Adherence to aspirin or 
atorvastatin treatment was assessed by the pill count method. 
Blood samples were collected at baseline and after 7 days of 
treatment. The study was registered in August 2010 at 
ClinicalTrials.gov (Identifier: NCT0 1250340). At each sched- 
uled time, platelet, serum, and urinary 8-iso-PGF2a were 
determined. 

Statistical Analysis 
Sample size determination 

As above reported, for the cross-sectional study we recruited 
all the subjects who respected the inclusion/exclusion 
criteria. The number of patients and controls was computed 
with respect to a 2-tailed Student t test for independent 
groups, considering (1) a difference in serum 8-iso-PGF2a 
to be detected between diabetic patients and controls, 
|<5|>150 pmol/L; (2) standard deviations homogeneous 
between groups, SD=200 pmol/L; and (3) type I error 
probability a=0.05 and power 1— /?=0.90. This resulted in 
n=39 per group, which was increased to 50. 

As regard the interventional cross-over study, we com- 
puted the minimum sample size with respect to a 2-tailed 1- 
sample Student t test, considering (1) a difference for serum 



8-iso-PGF2a variation to be detected between baseline and 
after aspirin+atorvastatin treatment, |<5|>150 pmol/L; (2) 
standard deviation of the paired differences, SD=180 pmol/L; 
and (3) type I error probability a=0.05 and power 1— /?=0.90. 
This resulted in n=18. 

Statistical methods 

Categorical variables are reported as counts (percentages) 
and continuous variables as means±SDs unless otherwise 
indicated. Independence of categorical variables was tested 
by the % 2 test. Comparisons between patients and controls 
were carried out by the Student f test and were replicated as 
appropriate with nonparametric tests (Kolmogorov-Smirnov 
[z] test in case of nonhomogeneous variances, as verified by 
Levene's test). 

The crossover study data were analyzed for the assess- 
ment of treatment and period effects by performing an 
ANOVA test for repeated measures. Pairwise comparisons 
were corrected by the Bonferroni test. 

Bivariate analysis was performed with the Spearman linear 
regression test. 

Results 

8-lso-PGF2a Levels in Patients With NOX2 
Downregulation 

As previously reported, no differences in clinical characteristic 
were detected in patients with NOX2 hereditary deficiency and 
controls, whereas sNOX2-dp was significantly lower in patients 
with NOX2 hereditary deficiency than in controls. 7 8-lso-PGF2tx 
levels varied widely according to the sample studied. Com- 
pared with controls, patients with NOX2 hereditary deficiency 
had lower production of platelet, urinary, and serum 8-iso- 
PGF2a (Figure 1). Whatever the method used, patients with 
NOX2 hereditary deficiency showed >50% 8-iso-PGF2a forma- 
tion reduction compared with controls. In the whole population 
serum, urinary and platelet 8-iso-PGF2a levels significantly 
correlated each other (/?=0.550, P<0.001, for serum versus 
urinary 8-iso-PGF2a levels; /M).583, PO.001, for platelet 
versus urinary 8-iso-PGF2a levels; and /?=0504, PO.001, for 
serum versus platelet 8-iso-PGF2a levels). 

8-lso-PGF2a Levels in Patients With NOX2 
Upregulation 

No differences in clinical characteristics were detected in 
diabetic patients compared with controls with the exception 
of glycemic control, body mass index, and blood glucose 
(Table). Serum sNOX2-dp was significantly higher in diabetic 
patients compared with controls (Table). 
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Figure 1. Urinary (A), platelet (B), and serum (C) 8-iso-PGF2a levels in X-CGD patients (n=25), controls (n=153), and diabetic patients (n=1 2 1); 
P<0.001. The error bar represents the standard error. X-CGD indicates X-linked chronic granulomatous disease; PGF2a, 8-iso-Prostaglandin 
F2-alpha. 



In the whole population the amount of 8-iso-PGF2a greatly 
varied according to the method used, with the largest quantity 
of 8-iso-PGF2a found in serum compared with urine and 
platelets. Whatever the method used, a different 8-iso-PGF2a 
formation was observed between diabetic patients and 
controls. Thus, urinary, serum, and platelet 8-iso-PGF2a levels 
were significantly higher in diabetic patients compared with 
controls (Figure 1). In the whole population, serum, urinary, 
and platelet 8-iso-PGF2a levels significantly correlated with 
each other (/?=0.475, P<0.001, for serum versus urinary 8-iso- 
PGF2a levels; /?=0.602, P<0.00 1, for platelet versus urinary 8- 
iso-PGF2a levels; and /?=0.505, P<0.001, for serum versus 
platelet 8-iso-PGF2a levels). 

As a previous study showed an increase in platelet 8-iso- 
PGF2a in aspirin-treated diabetic patients, 9 we investigated if 
similar changes were detected in serum and urine. As shown 
in Figure 2, aspirin-treated diabetic patients had significantly 
higher serum and urine 8-iso-PGF2a levels compared with 
untreated patients. 

Overall Analysis of NOX2 and 8-lso-PGF2a Levels 
in the Entire Population 

A progressive increase in NOX2 activity was detected from 
X-CGD to diabetic patients (Figure 3A). A significant associ- 
ation between platelet and urinary 8-iso-PGF2a levels was 
detected in the overall population (X-CGD, controls, and 
diabetic patients; #=0.518, PO.001; Figure 3B). 

Interventional Study 

As previously reported, 8 diabetic patients showed platelet 
8-iso-PGF2a overexpression after 7 days of aspirin treatment; 
such an increase was parallel to 8-iso-PGF2a overexpression 



in serum and urine (Figure 4B and 4C). The combination of 
aspirin with atorvastatin resulted in a significant decrease 
in platelet 8-iso-PGF2a levels (Figure 4A); similar behavior 
was detected by 8-iso-PGF2a measured in serum and urine 
(Figure 4B and 4C). Changes in urinary 8-iso-PGF2a lev- 
els were significantly correlated with changes in platelets 
(/?=0.500, P<0.001) and serum 8-iso-PGF2a levels (/?=0.410, 
P<0.001). 

In Vitro Study 

As serum 8-epi-PGF 2 significantly correlated with platelet 
8-iso-PGF2a, we speculated that 8-iso-PGF2a levels detected 
in serum may reflect platelet 8-iso-PGF2a production. To 
address this point, we measured 8-iso-PGF2a levels from 
blood cells including platelets, leukocytes, and lymphocytes 
and compared the production of each cell line with serum 
8-iso-PGF2a levels. Thus, a parallel analysis of serum and cell 
production of 8-iso-PGF2a levels was performed in blood 
samples taken from 5 healthy subjects (3 men and 2 women, 
aged 52.2±2.1 years). 8-lso-PGF2a levels varied according to 
the cell lines, with the highest values detected by agonist- 
stimulated lymphocytes (296.93±75.43 pg/mL). The sum of 
8-iso-PGF2a produced by the 3 cell lines was 434.90 pg/mL 
and corresponded to 80% of the serum 8-iso-PGF2a levels. 
The amount of agonist-induced platelet 8-iso-PGF2a formation 
was 1 66. 1 6± 1 06.78 pmol/L and corresponded to 30.1% of 
serum 8-epi-PGF2a. For each cell line, 8-iso-PGF2a level was 
significantly inhibited by cell incubation with the specific 
NADPH oxidase inhibitor NOX2-tat (Figure 5). Serum 8-iso- 
PGF2a level was not influenced by temperature, as the 
amount detected in the supernatant of serum left at room 
temperature was similar to that incubated for 60 minutes at 
37°C (Figure 5). 
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Figure 2. Serum (A) and urinary (B) 8-iso-PGF2a formation in 
diabetic patients treated or not treated with aspirin (100 mg/day). 
The error bar represented the standard error. ASA indicates aspirin; 
PGF2a, 8-iso-Prostaglandin F2-alpha. 



Discussion 

The results of the present study demonstrate that in patients 
with up- and downregulation of NOX2, platelet and urinary 
8-iso-PGF2a were up- and down-expressed, respectively, 
suggesting that NOX2 is implicated in the formation of 
8-iso-PGF2a detected in platelets and urine. The correlation 
between platelet and urinary 8-iso-PGF2a suggests also that 
urinary 8-iso-PGF2a may reflect, in part, platelet 8-iso-PGF2a 
production. This hypothesis was reinforced by an interven- 
tional study showing that up- and downregulation of platelet 
8-iso-PGF2a levels were associated with parallel behavior of 
8-iso-PGF2a levels in urine. 

We have previously demonstrated that NOX2 plays a 
crucial role in 8-iso-PGF2a formation. In fact, in patients with 
hereditary deficiency of NOX2 and in patients with upregu- 
lation of NOX2 such as those with diabetes, platelet 
production of 8-iso-PGF2a was reduced and increased, 
respectively. 3,8 Such interplay was reinforced by an in vitro 
study in which platelet incubation with a specific inhibitor of 
NOX2 was associated with impaired production of 8-iso- 
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Figure 3. A, Serum sNOX-2-dp levels in X-CGD patients, controls, 
and diabetic patients (the error bar represented the standard error). 
B, Urinary (on the x axis) and platelet (on the y axis) 8-iso-PGF2o( 
levels in both hereditary deficiency of NOX2, controls, and diabetic 
patients (highlighted with different symbols; data are represented as 
a scatter plot). X-CGD indicates X-linked chronic granulomatous 
disease; NOX, NADPH oxidase; sNOX-2-dp, soluble NADPH oxidase 
2-derived peptide. 



PGF2a. We speculated that these 2 settings were unique in 
investigating if urinary 8-iso-PGF2a could reflect platelet 
production of 8-iso-PGF2a. This issue has potential clinical 
implications because the increase in urinary 8-iso-PGF2a 
levels has been interpreted essentially as a specific marker of 
oxidative stress so far. 4 The results of the cross-sectional 
study suggest that urinary 8-iso-PGF2a levels could reflect, in 
part, platelet production of 8-iso-PGF2a. Thus, in patients with 
lowered or increased urinary 8-iso-PGF2a levels, as observed 
in patients with NOX2 hereditary deficiency and diabetes, 
respectively, parallel platelet 8-iso-PGF2a behavior was 
detected. Also, in both cohorts the 2 variables were 
significantly correlated. This finding may help to explain 
previous findings showing a significant correlation between 
urinary excretion of 8-iso-PGF2a and 1 1-dehydro-thrombox- 
ane B2 and suggesting that changes in both variables reflect 
in vivo platelet activation. 5,6 However, we cannot exclude that 
in diabetes the increase may stem from activation of other 
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Figure 4. Platelet (A), serum (B), and urinary (C) 8-iso-PGF2a formation in diabetic patients at baseline and after 7 days of aspirin (100 mg/day) 
or aspirin (100 mg/day) plus atorvastatin (10 mg/day) treatment. The error bar represented the standard error. ASA indicates aspirin; ATO, 
atorvastatin. 
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Figure 5. 8-lso-PGF2a levels in serum kept for 60 minutes at 37°C 
(n=5) or at room temperature (n=5) in platelets stimulated with AA in 
the presence or absence of NOX2-tat inhibitor (n=5), in PMNs 
stimulated with PMA in the presence or absence of NOX2-tat 
inhibitor (NADPH oxidase inhibitor; n=5), and in LYN/MON stimu- 
lated with LPS in the presence or absence of NOX2-tat inhibitor 
(n=5); *P<0.001. The error bar represented the standard error. AA 
indicates arachidonic acid; PMNs, polymorphonuclear leukocytes; 
PMA, phorbol 12-myristate 13-acetate; PGF2a, 8-iso-Prostaglandin 
F2-alpha; NOX, NADPH oxidase; LYM/MON, lymphocytes/monocyte; 
LPS, lipopolysaccharide. 

cells such as leukocytes and monocytes, which are also 
implicated in the activation of NOX2. 12 

The results of the cross-sectional study in subjects with up- 
and downregulation of NOX2 were corroborated by the 
interventional study with aspirin and aspirin plus atorvastatin 
in diabetic patients. We have recently shown that in patients 
with diabetes mellitus, aspirin shifts arachidonic acid to 



nonenzymatic oxidation via NOX2 activation, an effect that 
ultimately leads to platelet 8-iso-PGF2a overexpression. 8 In 
the present study we found that after aspirin intake, 8-iso- 
PGF2a overexpression was detected not only in platelets but 
also in urine and serum. Administration to aspirin-treated 
diabetic patients of atorvastatin, a drug that lowers NOX2 
activation,' 2 ' 13 counteracted such a phenomenon by inhibiting 
platelet 8-iso-PGF2a in platelets, serum, and urine. The 
changes in platelet 8-iso-PGF2a levels observed in the 2 
phases of therapy were parallel and significantly correlated 
with changes in urinary 8-iso-PGF2a levels, reinforcing the 
hypothesis that platelet production of 8-iso-PGF2oc influences 
urinary excretion of this eicosanoid family. 

Another novelty of the present study is the measurement of 
8-iso-PGF2a levels in serum and the analysis of the relative 
contribution of platelets. Here we report that 8-iso-PGF2a levels 
in serum are double that of the amount detected in urine. 
Globally considered, blood cell activation contributes to 80% of 
total serum 8-iso-PGF2a, and platelet activation accounts for 
about 30% of serum 8-iso-PGF2a. This finding may explain the 
significant correlation observed between platelet and serum 
8-iso-PGF2a levels in the cross-sectional as well as the 
interventional study. Hence, the correlation between serum 
8-iso-PGF2a level and urinary 8-iso-PGF2a level corroborates 
the hypothesis that platelet 8-iso-PGF2a levels partly contribute 
to the urinary excretion of this eicosanoid. It is also of interest 
that similar values of serum 8-iso-PGF2« levels were detected in 
samples left at room temperature or incubated for 30 minutes 
at 37°C. Thus, serum storage at — 80°C may be a simple 
approach to measure 8-iso-PGF2a production by blood cells, 
including platelets. 

The study has potential limitations. The hypothesis of a 
role of platelet 8-iso-PGF2a formation as a contributor to 
urinary 8-iso-PGF2a levels is essentially based on correlations 
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analysis between platelets and urinary 8-iso-PGF2a levels. It is 
noteworthy, however, that in patients with NOX2 hereditary 
deficiency and impaired platelet 8-iso-PGF2a formation, 
urinary 8-iso-PGF2a levels were coincidentally reduced. 
Furthermore, the interventional study with atorvastatin dem- 
onstrated that reduction of platelet 8-iso-PGF2a was signif- 
icantly associated with urinary 8-iso-PGF2a level lowering. Of 
course, as shown by in vitro experiments, other blood cells 
producing 8-iso-PGF2a can contribute to urinary 8-iso-PGF2a 
levels. Hence, up- or down-expression of serum and urine 
cannot be solely interpreted as related to platelet activation 
but also to activation of other blood cells. In this context the 
use of serum 8-iso-PGF2a levels for clinical purposes is still 
premature, as a prospective study needs to be done to 
support its validity. 

In conclusion, our study provides evidence that NOX2 
activity is implicated in 8-iso-PGF2a formation detected in 
platelets and urine. The correlation between platelet and urine 
8-iso-PGF2a levels suggests that 8-iso-PGF2a levels in urine 
might in part reflect platelet activation. Analysis of 8-iso- 
PGF2a levels in serum may represent a simple approach to 
investigating 8-iso-PGF2a production by blood cells, including 
platelets, in patients at risk of cardiovascular disease. 

Acknowledgments 

Italian Primary Immunodeficiency Network (IPINET) group: 
A. Plebani, MD, P. Rossi, MD, A. Finocchi, MD, C. Pignata, MD, 
D. De Mattia, MD, B. Martire, MD, M.C. Pietrogrande, MD, 
S. Martino, MD, E. Gambineri, MD, A.R. Soresina, MD, A. 
Chiara MD. 

Disclosures 

None. 



o 
S 

References f 

1. Morrow JD, Hill KE, Burk RF, Nammour TM, Badr KF, Roberts LJ. A series of j2 

prostaglandin F2-like compounds are produced in vivo in humans by a non- >s 

cyclooxygenase, free radical-catalyzed mechanism. Proc Natl Acad Sci. 1990; ^ 

87:9383-9387. w 

> 

2. Patrono C, Garcoa Rodroguez LA, Landolfi R, Baigent C. Low-dose aspirin for ^ 
the prevention of atherothrombosis. N Engl J Med. 2005;353:2373-2383. X 

3. Pignatelli P, Carnevale R, Di Santo S, Bartimoccia S, Sanguigni V, Lenti L, 
Finocchi A, Mendolicchio L, Sorresina AR, Plebani A, Violi F. Inherited 
human gp91phox deficiency is associated with impaired isoprostane 
formation and platelet dysfunction. Arterioscler Thromb Vase Biol. 20 1 1;3 1 : 
423-434. 

4. Griendling KK, FitzGerald GA. Oxidative stress and cardiovascular injury: part 
II: animal and human studies. Circulation. 2003;108:2034-2040. 

5. DavS G, Chiarelli F, Santilli F, Pomilio M, Vigneri S, Falco A, Basili S, Ciabattoni 
G, Patrono C. Enhanced lipid peroxidation and platelet activation in the early 
phase of type 1 diabetes mellitus: role of interleukin-6 and disease duration. 
Circulation. 2003;107:3199-3203. 

6. Davi G, Alessandrini P, Mezzetti A, Minotti G, Bucciarelli T, Costantini F, 
Cipollone F, Bon GB, Ciabattoni G, Patrono C. In vivo formation of 8-Epi- 
prostaglandin F2 alpha is increased in hypercholesterolemia. Arterioscler 
Thromb Vase Biol. 1997;17:3230-3235. 

7. Violi F, Sanguigni V, Carnevale R, Plebani A, Rossi P, Finocchi A, Pignata C, De 
Mattia D, Martire B, Pietrogrande MC, Martino S, Gambineri E, Soresina AR, 
Pignatelli P, Martino F, Basili S, Loffredo L. Hereditary deficiency of gp91(phox) 
is associated with enhanced arterial dilatation: results of a multicenter study. 
Circulation. 2009; 1 20: 1 6 1 6-1 622. 

8. Cangemi R, Pignatelli P, Carnevale R, Nigra C, Proietti M, Angelico F, Laura D, 
Basili S, Violi F. Platelet isoprostane overproduction in diabetic patients 
treated with aspirin. Diabetes. 2012;6:1626-1632. 

9. Martire B, Rondelli R, Soresina A, Pignata C, Broccoletti T, Finocchi A, Rossi P, 
Gattorno M, Rabusin M, Azzari C, Dellepiane RM, Pietrogrande MC, Trizzino A, 
Di Bartolomeo P, Martino S, Carpino L, Cossu F, Locatelli F, Maccario R, Pierani 
P, Putti MC, Stabile A, Notarangelo LD, Ugazio AG, Plebani A, De Mattia D. 
Clinical features, long term follow-up and outcome of a large cohort of patients 
with chronic granulomatous disease: an Italian multicenter study. Clin 
Immunol. 2008;126:155-164. 

10. American Diabetes Association. Diagnosis and classification of diabetes 
mellitus. Diabetes Care 201 1;34(Suppl 1):S62-9.2. 

1 1. Sircar D, Subbaiah PV. Isoprostane measurement in plasma and urine by liquid 
chromatography-mass spectrometry with one-step sample preparation. Clin 
Chem. 2007;53:251-258. 

12. Pignatelli P, Carnevale R, Cangemi R, Loffredo L, Sanguigni V, Stefanutti C, 
Basili S, Violi F. Atorvastatin inhibits gp91phox circulating levels in 
patients with hypercholesterolemia. Arterioscler Thromb Vase Biol. 2010;30: 
360-367. 

13. Carnevale R, Pignatelli P, Di Santo S, Bartimoccia S, Sanguigni V, Napoleone L, 
Tanzilli G, Basili S, Violi F. Atorvastatin inhibits oxidative stress via adiponectin- 
mediated NADPH oxidase down-regulation in hypercholesterolemic patients. 
Atherosclerosis. 20 1 0;2 1 3:225-234. 



DOI: 10.1 161/JAHA.1 13.000198 



Journal of the American Heart Association 



8 



